Background: The nicotine dependence (ND) has negative and smoking abstinence self-efficacy (SASE) has positive effects on successful smoking cessation, but scant data is now available for what is the mediating role of SASE on the relationship between ND and successful smoking cessation. The aim of this study was to assess the abovementioned mediation. Methods: A case-control study was conducted with 642 successful spontaneous quitters as the cases, and 700 failed spontaneous quitters as the controls. ND and SASE were evaluated by Fagerströ m Test for Nicotine Dependence (FTND) scale and SASE scale, respectively. Propensity score as covariate in the regression model was used to adjust for potential confounders of age, age of smoking initiation, occupation, educational level and marital status. Total effect was decomposed into direct and indirect (mediating) effect using logistic regression based on the KHB method proposed by Holm et al. Results: After adjusting for the aforementioned potential confounders, the mediating effects among the total effect of ND on successful spontaneous smoking cessation were 32.90%, 12.14%, 35.64% and 83.03% for the total score of SASE and its three context-specific situation scores, i.e. positive/social situation, negative/affective situation and habit/addictive situation, respectively. Conclusions: This study indicates that SASE has a partial mediating effect on the association of ND with successful spontaneous smoking cessation. To boost the smokers' SASE could increase the probability of successful smoking cessation. 
Introduction
T obacco use continues to be the leading cause of preventable death worldwide. 1 Despite of current tobacco control activities, the prevalence of smoking in China remains at a high level. There are about 301 million current smokers in China, 2 making China the largest consumer of tobacco in the world. According to the results of 'Global Adult Tobacco Survey (GATS) China 2010 Country Report', 3 among ever smokers, successful smoking cessation rate (11.7%) in China was very low. Additionally, in China, the rural population, whose smoking severity is higher and cessation rate is lower than the urban people, 4, 5 is in the majority. Thus, in China, especially in rural areas, developing effective tobacco control measure to increase successful smoking cessation rate is extremely urgent and imperative.
Although several strategies are available for conducting tobacco control in the population, promoting smokers to quit is one of the main tactics. Numerous studies suggested that there were a number of variables associated with successful quitting, [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] such as age, 9, 16 education, [16] [17] [18] social class/occupation, 10 marital status or living with a partner, 10, 16, 17 number of smoking friends 18 and social/family supports. 9, 10, 17 Among those, nicotine dependence (ND) [6] [7] [8] [9] [10] [11] [12] 19 was one of the major risks for successful smoking cessation. In practice, there are now several methods, such as nicotine replacement therapy, to be used to help the smokers to quit. Nevertheless, to increase smoker's smoking abstinence self-efficacy (SASE; the smoker's selfconfidence or belief in their ability to refrain form smoking) should be the primary and important means for promoting smoking cessation. According to the self-efficacy theory of Bandura, 20, 21 person having higher level of self-efficacy will have the more possibility to succeed. A solid body of evidence proved that the level of SASE among ex-smokers was significantly higher than that of current smokers, and the higher the self-efficacy score, the more likely to quit successfully. 22, 23 Furthermore, data also showed that self-efficacy to refrain from smoking was negatively associated with ND. 24 Thus, we wonder that whether and to what extent SASE plays a mediation role on the association of ND with successful smoking cessation. To our knowledge, few data are available about this topic up to now. Therefore, in this study, we presume that: (i) smokers who have low ND degree tend to quit smoking successfully; (ii) smokers who have low ND tend to have higher level of SASE; (iii) the association of ND with successful smoking cessation is mediated by SASE (figure 1). Based on the earlier hypotheses, we will assess the mediation of SASE on the association of ND with successful smoking cessation, which will provide evidence needed to better informed education for tobacco control intervention.
Methods

Subjects
This cross-sectional study was conducted from April to May, 2013, among the persons residing in 17 villages of three counties (Ping Yin, Ju Nan and Liang Shan) in Shandong, China. Male persons aged 18 or more and ever spontaneous quitted smoking were face-to-face interviewed by the well-trained investigators to complete a questionnaire that was designed based on GATS Core Questionnaire with Optional Questions. 25 The total amount of valid questionnaires was 1429, among which, 596 were for current smoker (including 509 for current daily smoker and 87 for current occasional smoker) and 833 were for ex-smoker (including 642 for successful spontaneous smoking quitters and 191for failed spontaneous smoking quitters).
In this analysis, the 87 current occasional smokers were excluded, a community-based case-control study was performed with 642 successful spontaneous smoking quitters as the cases, and 700 failed spontaneous smoking quitters (including 509 for current daily smoker and 191for failed spontaneous smoking quitters) as the controls. This study was approved by the Ethics Review Committee of Shandong University and all subjects provided informed consent.
Definitions
According to the WHO data, 26 some definitions are as follows: smokers are defined as those who have/had smoked 100 or more cigarettes (or the equivalent amount of tobacco) during their lifetime; Current smokers refer to those who comply with the criterion of smoker, and smoke any tobacco product at the time of the survey; Current daily smokers are defined as those who comply with the criterion of smoker, and smoke at least once a day at the time of the survey; Current occasional smoker are defined as those who comply with the criterion of smoker, and smoke but not every day at the time of the survey; Current exsmokers are people who comply with the criterion of smokers but do not smoke at all at the time of the survey. Successful quitters refer to those who comply with the criterion of smokers, and had not smoked at all for 2 years or more continuously at the time of the survey. 13 Failed smoking quitters refer to those who comply with the criterion of smokers, and ever quitted but relapsed, or had not smoked at all for less than 2 years continuously at the time of the survey.
Measure and instruments
We assessed basic demographic information, including age, race, education, occupation, marital status and other smoking-related questions.
Velicer et al.'s 27 short form (nine-item) smoking abstinence selfefficacy scale (SASES) was used to assess SASE. The scale consists of three situational factors, i.e. positive/social situation (SASEP), negative/affective situation (SASEN), and habit/addictive situation (SASEH). Items are rated on a five-point Likert-type scale ranging from completely sure as 5 to completely unsure as 1. The total (SASET) and its three context-specific scores as mentioned above are calculated to measure the self-efficacy levels, higher score indicates the higher level of self-efficacy. The total scale showed high internal consistency reliability in this study (Cronbach's alpha = 0.884).
Participants' level of ND was assessed using the Fagerström test for nicotine dependence (FTND) scale, 28 which measured physical as well as psychological tobacco dependence. 29 The FTND scale consists of six items and each item has a weighted score that ranges from 0 to 3. The total scale showed good internal consistency reliability in this study (Cronbach's alpha = 0.689).
Data analysis
Pearson's 2 test with Fisher's exact probability was performed to compare the distribution of the categorical variables between case and control groups. If Bartlett's test for equal variances between case and control groups is not statistically significant, one-way analysis of variance was used to test the differences of means of metric variables; otherwise, the Kruskal-Wallis equality-of-populations rank test was used. FTND score was categorized into tertiles as linear trend to represent low, middle and high levels of ND and rescored inversely. SASE scores (including SASET, ASESP, SASEN and SASEH) were also categorized into tertiles as linear trend to represent low, middle and high levels. Propensity score 30 as the covariate in the regression model was used to adjust for the potential confounders of age, age of smoking initiation, occupation, educational level and marital status. The mediation analysis was conducted that the total effect (the effect of treatment variable X on outcome variable Y without mediating variable M) was decomposed into direct effect (the effect of treatment variable X on outcome variable Y when controlling for mediating variable M) and indirect (mediating) effect (the effect of treatment variable X on outcome variable Y through mediating variable M) using logistic regression based on the KHB method proposed by Holm et al. 31 The proportion of mediating effect among the total effect (magnitude measure of mediating effect) was calculated as the indirect effect divided by the total effect. All statistical analyses were carried out with STATA/SE version 13.1 (Stata Corporation, College Station, TX, USA). All reported probabilities (P value) were two-sided, and that <0.05 was considered statistically significant.
Results
Sample characteristics
The demographic characteristics of both the successful spontaneous smoking quitters (cases) and the failed spontaneous smoking quitters (controls) were summarized in table 1. The distribution of educational level, marital status between the case and control groups was significantly different. Compared with the failed spontaneous smoking quitters, the successful spontaneous smoking quitters had significant higher age, SASET, SASEP, SASEN, SASEH scores and lower age of smoking initiation and FTND score.
Mediation analysis
Smokers with lower level of ND were more likely to quit smoking successfully (OR = 1.195, 95% CI: 1.051-1.358, P = 0.007). All the adjusted results of the mediation analysis were reported in table 2. As for the total score of SASE, the partial mediating effect on the association of ND with successful spontaneous smoking cessation was observed, and after adjusting for the potential confounders of age, age of smoking initiation, occupation, educational level and marital status, the mediating effect (indirect effect) was 32.90% among the total effect of ND on successful spontaneous smoking cessation.
As for the three context-specific scores of SASE, after adjusting for the aforementioned potential confounders, the mediating effects (indirect effects) on the association of ND with successful spontaneous smoking cessation were 12.14%, 35.64% and 83.03% for the SASEP, SASEN and SASEH, respectively.
Discussion
It is self-evident that to conduct tobacco control is imperative and urgent, since tobacco use is the leading cause of preventable death worldwide. 1 Although previous data indicated that ND was the major risk factor for the unsuccessful smoking cessation and relapse, [6] [7] [8] [9] [10] [11] [12] 19 Figure 1 Framework of mediation analysis this kind of information will undoubtedly discourage the smokers with moderate and heavy degree of ND from trying to quit. It should be noted that ND does not only mean physical dependence, since psychological dependence also plays an important role. 32, 33 In addition, publications before have focused mainly on the relation of ND to smoking cessation, however, this relationship may be more complex. Studies also demonstrated that SASE had positive impact on successful smoking cessation. 22, 23 Therefore, it is necessary to assess quantitatively the mediating role of SASE among the effect of ND on successful smoking cessation.
In line with the publications before, [6] [7] [8] [9] [10] [11] [12] 19 our findings also indicated that lower degree of ND had significant positive effect on the successful smoking cessation (OR = 1.195, 95% CI: 1.051-1.358). Our mediation analysis showed that the indirect (mediating) effect of total score of SASE took a proportion of 32.90% among the total effect of ND on the successful smoking cessation; in contrast, the ND had the major effect on the successful smoking cessation (67.10%). This outcome may be rational in the reality. According to the publications before 11, 13, 34 and our study, the major reason for quitting smoking was illness or fear of being ill. It is speculated that if smokers are being ill caused by smoking, they would tend to decide to quit, no matter how much ND, because they might regard their health as the priority.
As for the context-specific scores of SASE, those mediating effects on the association of ND with successful smoking cessation were different, the biggest is in the habitual/addictive situation (83.03%). The true reason for this phenomenon needs further to be explored. This situation (habitual/addictive) presents more tobacco dependence than other two situations (positive/social and negative/affective). Persons with higher score of SASE in this situation would have higher level of abstinence self-efficacy or lower level of ND or both [in our data, FTND was much higher correlated with SASEH (r = À0.675) than SASEP (r = À0.366) and SASEN (r = À0.394)], this would make them much easier to refrain from smoking, so as to increase more possibility of successful smoking cessation.
Knowledge about a disease or health condition is identified as an essential element of perceived susceptibility 35 and self-efficacy is recognized as playing a central role in patient's decision making and adaptation. 36 The randomized controlled studies showed that patients educated with disease-related information could improve their self-efficacy. 37, 38 A prospective study revealed that a high level of perceived susceptibility along with high self-efficacy would be more likely to cause patients to reduce smoking. 39 Those evidences and our findings suggest that it should be worth to be attention to bettering informed education so as to boost the smoker's abstinence self-efficacy to increase the SASE: smoking abstinence self-efficacy. ND: nicotine dependence. SASET: total score of smoking abstinence self-efficacy; SASEP: smoking abstinence self-efficacy of positive/social situation; SASEN: smoking abstinence self-efficacy of negative/affective situation; SASEH: smoking abstinence self-efficacy of habitual/addictive situation. Total effect is the effect of ND on smoking cessation without considering selfefficacy; Direct effect is the effect of ND on smoking cessation when controlling for self-efficacy; Indirect effect is the effect of ND on smoking cessation through self-efficacy. *Mediation (%) is calculated by Indirect effect/Total effect Â 100. Adjusted for age, age of smoking initiation, occupation, educational level and marital status. Data are presented as mean AE SD or frequency. Age group: young = age < 45, middle = 45 age < 60, old = age ! 60. Education: low = less than primary school, middle = primary and middle school, high = high school or more; SASET: total score for smoking abstinence selfefficacy; SASEP: score for smoking abstinence self-efficacy of positive/social situation; SASEN: score for smoking abstinence self-efficacy of negative/affective situation; SASEH: score for smoking abstinence self-efficacy of habitual/addictive situation. FTND: score for Fagerströ m Test of Nicotine Dependence.
probability of successful smoking cessation in the tobacco control intervention. The potential limitations in our study need to be considered. First, this was only a case-control study, even though it is a community-based research, bias e.g. selected and recall bias might exist and could distort the results. Second, our sample is only for male smokers, whether the results are suitable for female smokers need to be further tested. Finally, since successful smoking cessation has a complex etiology generated by many factors, other uninvestigated variables could also alter the results.
Conclusions
This study shows that SASE has partial mediating effect on the association of ND with successful smoking cessation. To enhance the smokers' SASE could increase the probability of successful smoking cessation. This finding needs to be confirmed by further researches.
